An analysis of the anthophilous fauna of N.W. Europe is presented, stressing the role plants play for insects. The study is based on some 29,000 relations between about 2,600 insect species and 1,300 plant species (569 genera). The data are derived from our database ("CrypTra") of biotic relations between Cryptobiota and Tracheophyta, that is based on published sources. savoir les visiteurs allotropes, hemitropes et eutropestels qu'ils ont été définis par Loew. Une minorité de taxons végétaux (essentiellementespèces cornucopiennes)peut être associeé, avec une certaine difficulté, à ces trois types de visiteurs, tandis que très peu de taxons végétaux étroitement spécialisés peuvent être associés à des groupes plus spécifiques de visiteurs. Cependant, il est impossible de ranger la grande majorité des plantes dans une certaine typologie. Ces résultats ont des implications pratiques pour la gestion naturelle de la faune anthophile,le rôle important des éléments Bijdragen tot de Dierkunde, 63 (4) 193-220 (1993) SPB Academie Publishing bv, The Hague To make a meadow it takes a clover and a bee 194 floristiques cornucopiens dans ce domaine étant souligné. Le fait que la majorité des espèces cornucopiennes sont vivaces ou même ligneuses, pose certaines contraintes aux procédés agricoles ayant pour but la protection des insectes anthophiles utiles. Motto Die Schirmblumen .... Denn diese Saftdrüse ist zugleich die Saftbehalter. Da nun der auf derselben befindliche Saft an der freyen Luft liegt, und durch nichts gedeckt wird, so scheint derselbe von dem Regen keineswegs geschützt zu seyn. Allein erstens ist derselbe nicht eigentlich für Bienen und Hummeln bestimmt, welche in Ansehung des Safts sehr ekel sind, und einen mit Regenwasser vermischten Saft verschmähen, da sie sich aus andern Blumen einen solchen Saft zu verschaffen wissen, der schlechterdings nicht vom Regen verdorben werden kann. Sondern derselbe ist hauptsächlich für Fliegen und andere unedlere Insekten bestimmt. Weil diese zu dumm sind, um den in andern Blumen tief versteckten und vor dem Regen völlig gesicherten Saft ausfindig zu machen; so haben sie keinen so feinen Geschmack, als die Bienen und Hummeln, sind in der Wahl desselben nicht so ekel, sondern nehmen auch mit einem durch den Regen verdorbenen Saft vorlieb. ... C.K. Sprengel, 1793:154. Bijdragen tot de Dierkunde, 63 (4) -1993 195 trates on the role insects and other vectors play in the pollination of plants. That alternatively flowers play an important, often crucial, role in the existence of insects has been studied less often in such detail (and then mostly for bees: cf. Magers, 1970; Pellet, 1976; Probst, 1983; Westrich, 1989; but see e.g. Jervis et al. Weiss & Stettmer, 1991).
It is suggested that a ratio of 2 to 5 anthophilous insect species per entomophilous plant species is the rule in N.W. Europe, where other types of zoophily are virtually absent.
A small minority of the plant species/generaplay a disproportionallyimportantrole as hosts to flower visitors; many of these so-called cornucopian taxa belong to the commonest entomophilous plants in the region, and occur also in moderatelydisturbed habitats.
There is a significant positive correlation between the commonness of a plant species and the fraction this plant represents of the trophic resources exploited by an insect species. There is, on the other hand, a significant negative correlation between the number of insect species visiting a given plant species, and the number of plant species visited by a given insect species. These two elements together demonstrate that the anthophilous fauna and the entomophilous flora of N.W. Europe as a whole form a loose system, not predominantly characterised by specialisation.
In accordance with this, factor analysis suggests that there is no ground to recognise more than three visitor types, viz., the allotropous, hemitropous, and eutropous visitors as defined by Loew. A minority of the plant taxa essentially the cornucopian ones -can with some difficulty be associated with these three types of visitors, and a very few narrowly specialised plant taxa can be associated with more specific visitor groups. However, the large majority of plants cannot be fitted in any typology. En concordance avec ceci, l'analyse factorielle suggère qu'il n'y a pas lieu de reconnaître plus de trois types de visiteurs, à Introduction One more researcher is worthy of mention, viz.
Julius Mac Leod. Of his studies on the anthecology of the Kempen region in Belgium, the first part appeared precisely one century ago. Mac Leod (1893-1894) wrote this masterpiece of observation and analysis because he was convinced that only a detailed, regional, study of, on the one hand, the visitors, their morphology and ethology, and on the other, the flowers with their morphology and physiology would enable a definite explanation of the functionality of flowers and their diversity. Essen- tially, these two papers form the documentationof an earlier one (Mac Leod, 1889) in which he introduced an innovative ( Van Paemel, 1992) method in botany, which in retrospect can best be described as a graphical anova, to analyse the Belgian anthophilous fauna. Mac Leod's "graphical method" was later applied by Loew (1890) and Heinsius (1892) .
We present Mac Leod's (1893, 1894) data, together with the often less detailed observations of other authors, to study the quantitative relation between the floral assemblage of N.W. Europe and the diversity of its anthophilous fauna. Such a broad-based approach was chosen, because present-day anthecology is mainly directed to individual plant species that are particularly suited to unravelling specific problems. As a result, the large majority of plants which are unspecialised has received little attention. This leaves an ecologist or conservationist with no other option to support a predictive statement, than to resort to traditional typologies to register a plant as a "fly flower", "bee flower", or, vaguest of all, "beetle flower" (Kugler, 1970 ; Van der Pijl, 1961) . This is exacerbated by the fact that supposedly inefficient pollinators, like Coleoptera and Acalyptrata, have received comparatively little attention from modern anthecology (but see e.g. Brncic, 1966; Gottsberger, 1977; Kugler, 1951 Kugler, , 1984 Sabrosky, 1987) .
Pollination biology by its very nature concen-
The study of the relation between flowers and their visitors has a long tradition. Precisely 200 years ago, Christian Konrad Sprengel (1793) published his now famous book "Das entdeckte Geheimniss der Natur im Bau und in der Befruchtung der Blumen", in which he single-handedly laid down the foundations of pollination biology. This major contribution has been amply celebrated in 1893 (references in Knuth, 1893 (references in Knuth, , 1898 (references in Knuth, -1905 and in 1993 too there will be held at least two commemorative symposia. Sprengel's main discovery was the mutual adaptation of flowers and their pollinators (Faegri & Van der Pijl, 1979 ; Meeuse & Morris, 1984 (1892) (1893) (1894) (1895) (1896) (1897) (1898) (1899) (1900) (1901) (1902) (1903) (1904) (1905) , Willis & Burkill (1895 -1908 , to mention the most important ones, brought together a wealth of factual information that awaited analysis for another century.
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In this paper we intend to provide a quantitative estimate of the diversity of the anthophilous fauna and its floral counterpart at a regional scale as wide as N.W. Europe, and secondly to explore the numerical patterns in the diversity of the one and the other, all the while concentrating on the insect side of the relationship. In Pijl, 1979; Kugler, 1970;  B.J.D. Meeuse, 1961; Proctor & Yeo, 1973 
Methods

Definitions
For the purpose of this paper we need to give a precise circumscription of a few terms:
Relation : a conceptual link between a visitor species and a plant species (or genus). This link is established by at least one observation of an actual flower visit.
Presence: degree of dependence of a visitor species on a plant species, within the context of anthecology. Note that this does not imply that the plant is similarly, let alone equally, dependent on the insect species. The numerical notation will be explained below. Importance: the fraction a plaat species (genus) represents of the flower-related resources exploited by an insect species, or group of insect species.
The database
General description
The data upon which the present study is based are extracted from our database ("CrypTra") of biotic associations between cryptobiota1 and Tracheophyta in N.W. Europe. This database, that is based entirely on published sources, covers the geographical area from southern Scandinavia to the river Loire, and from Ireland through Germany. Data Owen & Owen, 1975; Owen, 1978a, b (Tutin et al., 1964 (Tutin et al., -1983 was used, and for cultivated plants we refer to Boom (1959 Boom ( , 1975 . For insects, various nomenclators and checklists were used, the most important ones being the lists of Aukema (1989) , Kloet & Hincks (1964 -1978 , Lempke For the purpose of an anova, the scale was condensed to five values i-v, by combining successive pairs of this scale. These rarity values will be referred to below as HSF (for "hour square frequency").
Flower parameters
As far as possible, we noted for the plant species in the database the flower colour and type of nectar accessibility (referred to further down as flower type). Data were derived from different sources, mainly regional floras and Mac Leod (1893-1894), Loew (1894), Teräs (1985) , and the Botanical Database (1991). Alternatively, for an analysis at the generic level all duplicate species had to be removed; e.g., the three relations Eristalis tenax-Ranunculus acris, E. tenax-R. bulbosus, and E. tenax-R.
sp.
were collapsed to only one: Eristalis tenax-Ranunculus.
When the relation is studied between insect species and plant genera, the maximal presence registered for any of the included plant species was taken as the score for a genus. may, by a rough approximation, be interpreted as the prerequisite for existence of x insect species. Note that, because of the different ways relations are filtered out in the computations based on plant species, and plant genera, S p for a plant species and an associated plant genus will somewhat differ, even if the plant genus contains but one species. Further down we also refer loosely to S as "total importance". 
Results
General data
We have data on 1328 plant species (569 genera, 105
families). is noteworthy. This partly is an artefact of systematics, but also a reflection of the large number of anthophilous species, in particular in the Coleoptera.
To allow the reader to evaluate how the available informationis distributed over the categories, Table   III shows the number of relations and the number of associated plant species and genera, both when attention is focused on the plant genera, and when the analysis descends to the level of plant species.
Total and relative importance (S c and Zt)
The plant genera with the highest relative importance (ZO are given in Table IV , along with the total importances for the 13 categories (S c ) and the overall total importance (SO; this is summarised in Downloaded from Brill.com01/23/2020 01:46:53PM via free access Downloaded from Brill.com01/23/2020 01:46:53PM via free access had expected Plantago to score higher than the 1.2 that was obtained; the reason is the wide host spectrum of its visiting syrphids, resulting in a low contribution of each species to the value of S. 
Rarity and commonness
In order to test the correlation of Z' with plant rarity, we used the plant species data, rarity of genera being not meaningful. Although Z' is not random-ly distributed, it was legitimate to use an anova approach, because of the high number of observations. Fig. 1 To make a meadow it takes a clover and a bee 206 resp.); the average is 10.9 ± 0.57; the median is 3.
As is obvious from the large difference between average and median in both cases, the distributions of /ƒ. and V Because this negative correlation might be an artefact of the disproportionately large numbers of low values, we repeated the analysis for those relations with both // ( and V p > 20; the possibly anomalous honeybee, with its exceptional high H j was left out as well. This did diminishthe strength of the correlation, but not its significance (Pearson's r = -0.16943, N = 13065, P < 0.000; Spearman's R = -0.194051, N = 8000, P = 0.000000).
Factor analysis
We made a factor analysis, taking z°[c = Rhopalocera ... Remaining] as 13 variable values, describing the separate plant genera. The analysis yielded three eigenvalues > 1.0, extracting 40, 15, and 8% of variance. Fig. 3a, b shows a plot of the factor loadings.
These plots, and the study of a 3-D rotating Plotting the plant taxa together with the categories on the first two factors (Fig. 4a, b) shows that the large majority of the plant genera fall in a tight cluster near the origin of the graph. No structure is apparent in this dense cloud, not even after "zooming in". The relatively few genera outside of this central swarm fall into three, incompletely separated, groups.
One elongated group, parallel to the first, most informative, axis, consists of all Umbelliferae. This group is closely associated with the allotropous insects (cf. also Table V) .
A second group, orthogonal to the first axis, is composed of Compositae (in particular Centaurea, Cirsium, Taraxacum, Senecio, Hieracium), Leguminosae ( Trifolium , Medicago), Knautia, Echium, with, closer to the central cloud, many Labiatae Fig. 3a . Factor plot of the 13 visitor categories against plant genera. Varimax rotation, factor axes 1 and 2. Fig. 3b . As Fig. 3a , factor axes 3 and 2. Anthriscus, and to a less extent Aegopodium, are intermediatebetween the first and the third group.
We repeated the factor analysis for plant species (Fig. 5) . The distribution of the variables shows a close resemblance with that of the genera. Rather A parallel anova over flower colour confirmed the long standing knowledge that blue, pink, and purple flowers are predominantly visited by eutro- Fig. 4b . As Fig. 4a, factor Syrphidae (e.g. Kay, 1976; Kugler, 1950; Lunau, 1988; Schneider, 1958) , elicits a surprisingly vague result. This agrees with the preference Barkemeyer (1979) found in hover flies for white over yellow.
Nowhere did the factor analysis reveal discrete groups of plant taxa that would be suggestive of certain flower types, beyond the three groups just described. On the basis of our data we cannot arrive at a detailed flower typology with any predictive power.
The position of Anthriscus in the factor Not all anthophilous insects are fully dependent on flowers for their trophic requirements; therefore N and by consequence S and Z, are only approximate measures. This is the more so because the degree in which visitors are bound to a plant species (our value P) can only be roughly quantified.
It is of obvious importance for the validity of our results that no plant or insect group is underrepresented. As to insects, as will be detailedbelow, some groups have received too little attention indeed; however, because of the outlook of the paper this is less damaging to our conclusion than an unequal treatment of the plants.
Because the majority of our data are derived from the work of anthecologists, whose explicit intention was to gather a comparative picture of the visitor spectrum of all plant species in a local flora (although common plants may have been oversampled), we are reasonably confident in the bal- Andrewes, 1936) . and/or exotic plant species.
In comparison, Müller's (1881) figures concern a partial fauna, they still seem to fit within the limits we suggest. However, in other parts of the world this may be different. Heithaus (1979, cited To make a meadow it takes a clover and a bee 214
The attribution of a plant species to a particular visitor type does no justice to the diversity of the visiting fauna that mostly is available. In this respect our results extend Kugler's (1939 Kugler's ( , 1950 Molthan & Ruppert, 1988; Ruppert, 1993; Schneider, 1988; Syme, 1975; Weiss & Stettmer, 1991) . In a program of integrated pest management the border fauna has often been able to suppress many potential pest outbreaks. Many of these insects are anthophilous (Van Emden, 1962) .
Often the protection of the field borders is limited to shielding against the application of herbicides and insecticides; otherwise the strips undergo the normal treatment of harvesting and tillage, which means that the spontaneous flora will remain restricted to annuals and biennials. Many organisms presently have to survive in the outskirts of urbanised areas; flower-visiting insects are no exception (Jacob-Remacle, 1989a, b; Owen, 1978a, b; Owen & Owen, 1975) . At least as far as their food habits are concerned, our data suggest that gardens and roadside vegetations may supply them with the resources on which they can survive.
However, the conclusion by Jacob-Remacle (1989b) that even in an urban environment exotic plants are less visited than native plants, which matches well with our results, warns against too much optimism.
One of the most important flowers is Calluna, with a Z' of 32.9. Calluna heathlands traditionally are stocked in the flowering season with large numbers of honeybee hives, even when they are maintained as nature reserves.
Honeybees are atypical flower visitors, not only by their high numbers and the shifting location of their hives, but also by their extremely wide flower range (H i = 443). A detailed study of the competition pressure that honeybees may exercise on the wild anthophilous fauna is urgently needed, like Morse (1981) has documented the interactionbetween bumblebees and hover flies.
Pending such studies we can only urge that the number of honeybee hives in heaths (and probably in other types of reserves as well) should be kept at a low level (see also Douglas, 1977; Holmes, 1961; Kato, 1992; Percival, 1974; Ricciardelli d'Albore, 1984; Schäffer, 1983; Sugden & Pyke, 1991; Williams et al., 1991) .
Anthophilous potential
It seems promising to estimate the potential value of a given plot, site or reserve for either the complete anthophilous fauna or one or more categories, n basically by calculating the value E S p («: P= 1 total number of plant species in the plot, A p : abundance of plant species p in the plot). The availability of this value may be useful in those cases where a complete plant list is available, but where entomological work has still to begin. We hope to bring the results of such an approach in a forthcoming publication.
Rare plant populations
Also, the presence of a sufficient supply of pollinators may be essential for the pollination of rare or threatened plants of which the population size is insufficient to attract pollinators on their own account (Dorn, 1982; Frankie et al., 1990; Kevan, 1975; Senft, 1990 To make a meadow it takes a clover and a bee 216 as "magnet species", thereby enhancing the visitation rate of other, less interesting but superficially similar species (Vogel & Westerkamp, 1991) . Our results give an indication of the types of vegetation that are most suitable to fulfil that role.
Conversely, the presence of a top attractant close to a threatened population of a less attractive plant may put its remaining pollination options in jeopardy (see e.g. Campbell, 1985; Mosquin, 1971; Petanidou et al., 1991; Rathke, 1983 Rathke, , 1988 .
Finally
Reading Knuth's (1893) eulogy of Sprengel, we found that, among other citations from Sprengel's book, he cited the lines we already had chosen as motto for the present paper. Knuth comments, in translation: "In these words we find the origin of the distinction, that has recently been made by E.
Loew, in eutropous, hemitropous, and allotropous insects." It seems as if one strand in the tradition of anthecology after two centuries bites its tail.
